Abstract-Effects of diazepam (DZP), a synthetic benzodiazepine drug, and anthramycin (ATM), a benzodiazepine antitumor antibiotic produced by a certain species of streptomyces, on the uptake of 2-deoxy-D-(14C)-glucose (2-DG) in mouse brain neurons with or without cholecystokinin were examined. 2-DG uptake in neurons was evaluated by using an autoradiographic technique. The sulfated octapeptide CCK (CCK8) was injected intracisternally; DZP and ATM, intraperitonea Ily; and 2-DG, intravenously to mice. Autoradiograms prepared from the slices of the brain were converted to false color images. CCK8 (1 fcg/ mouse) markedly stimulated the 2-DG uptake in neurons in the various regions of the brain, but the stimulative effects of CCK8 was almost completely suppressed after an intraperitoneal administration of 1.0 mg/kg of DZP or 0.5 mg/kg of ATM. Since it has been previously shown that these doses of DZP and ATM almost completely reversed the antinociception produced by 1 #g/mouse of CCK8, the present results on the 2-DG uptake in the mouse brain are considered to further support the antagonism between CCK8 and DZP or ATM in the central nervous system. 
peripheral organs such as the gallbladder and pancreas. Asperlicin has benzodiazepine moiety in its molecular structure. Anthramycin (ATM) is a benzodiazepine compound that was introduced as an antitumor antibiotic ( Fig. 1) . It was isolated as a metabolite from several species of streptomyces (9-13). Kubota et al. (14) found that ATM acts as a potent antagonist of CCK with regard to the antinociception.
In the present paper, the authors aimed to demonstrate the antagonism between CCK and diazepam or ATM by using an autoradiographic technique with applica tion of the so-called 2-DG method developed by Sokoloff et al. (15) .
Materials and Methods
Male ddY strain mice weighing 20 g were used. Anthramycin (ATM) and diazepam (DZP) were suspended in solution with an addition of Tween 80 and injected intraperi toneally to mice. ATM was provided by Dr. Nobuhiko Komatsu (Department of Bacteri ology, Showa University) and DZP, from Yamanouchi Pharmaceutical Co., Ltd. 2 Deoxy-D-(14C)-glucose (2-DG) (Amersham International, 59 mCi/mmol) was diluted with saline solution to 14 fCi/ml and injected in travenously at a volume of 10 ml/kg via the tail vein of the mice. Sulfated octapeptide CCK (CCK8) was purchased from Peptide Institute, Inc. (Osaka). CCK was dissolved in 0.4% aqueous brilliant blue solution (vehicle) and administered 20 min after the 2-DG administration. The brilliant blue was used in order to confirm whether the 1ntracisternal (i.c.) injections were properly made. Mice were sacrificed by decapitation 40 min after the 2-DG administration. The brains of mice were rapidly excised, immediately frozen, embed ded in O.C.T. compound (Miles Scientific) and stored overnight at -60°C. The next day, the brains were cut into slices at a thickness of 20 um by using a cryostat-microtome (Tissue Tek II, Miles Scientific) at -20°C. The sections were mounted on warm slides, dried and exposed to X-ray films (Sakura Medical Imaging Film C-C, Konishiroku Photo Ind. Co., Ltd.) for two weeks together with autoradiographic (14C)micro-scales (120 ,um level strips). Autoradiograms obtained were taken by means of a TV camera (VK-C 150, Hitachi Densi, Ltd.). The analog data taken by the camera were converted into 8 bit digital data by using an A-D converter (512-8-2 DMA, Altec System Co.). The digi tal data were treated with a microcomputer (PC-9801 VM4, Nihon Electric Co.) to con vert them to a false color image. The optical density of a autoradiogram was displayed by a color spectrum consisting of 16 different colors. Darker zones in an autoradiogram, which mean higher radioactivity in the original slice, were displayed by reddish colors in the color image and lighter zones or lower radio activity, by bluish colors. The radioactivity corresponding to each color was corrected by using the autoradiographic micro-scales. The regression line on the relation between radio activity and 8 bit digital data was y=1.51x+ 151.28, where y denotes radioactivity and x bit counts. The correlation coefficient of the line was 0.997. The Nissl-stained prepara tions were made to confirm the regions of the brain through comparing them with the atlas of the mouse brain which was published by Sidman et al. (16) . administration of 1 mg/kg of DZP caused a slight inhibition in the 2-DG uptake in most regions of the brain, while i.p. administration of 0.5 mg/kg of anthramycin produced no appreciable change in the 2-DG uptake in most regions of the brain (Fig. 3) . When 1 fig/mouse of CCK8 was administered in tracisternally to a mouse, 2-DG uptake in various of the brain was stimulated (Fig. 4) . The major brain regions that were strongly stimulated by CCK8 were the cortex and thalamus.
When CCK8 was administered after an i.p. administration of 1 mg/kg of DZP, the stimulative effects of CCK8 were com pletely suppressed by DZP, since the degree of 2-DG uptake in various regions of the brain was close to that in the control or slightly lower than the control level. On the other hand, 0.5 mg/kg of i.p. ATM almost com pl3tely inhibited the increase in 2-DG uptake induced by CCK8 (Fig. 4) . The autoradio grams from the control mouse and from those that received CCK8 and ATM gave very similar images to each other as shown in Figs. 3 and 4. In the present work, behavioral obser vations revealed that 1 mg/kg of DZP slightly depressed the spontaneous movement of mice. On the other hand, an i.p. administra tion of 0.5 mg/kg of ATM produced no ap preciable changes in the behavior of mice, at least within several hours after the adminis tration.
Discussion
The technique using 2-DG can be em ployed to examine the metabolic activity of neurons, as has been well-established by Sokoloff et al. (15) . That is, the increase in 2-DG uptake by brain neurons correlates well with the increase in neuronal metabolic ac tivity in the neurons, since the brain neurons exclusively utilize glucose for their energy source and 2-DG is uptaken by neurons in place of glucose.
various regions in the brain. This stimulative effect of CCK8 may probably be associated with its pharmacological effects such as anti nociception and satiety, although it is difficult to specify which one of the brain regions stimulated by CCK8 is associated with each pharmacological effect of intracisternally ad ministered CCK8. Pharmacological effects of CCK8 will be produced as the whole expres sion of the activity of connections of excita tory and inhibitory neurons stimulated by CCK8. For instance, an activation of inhibitory neurons will result in the inhibition of 2-DG uptake in the neurons innervated by the inhi bitory neurons. What we can clearly know is that the neuronal activation by CCK8 was ap parently inhibited after the administration of anthramycin and DZP. The most strongly stimulated regions of the brain inculude the cortex and thalamus.
Past studies on the distribution of CCK8 in the brain have in dicated that the cortex contains CCK8 in the highest concentration (17, 18) . One mg/kg of i.p. DZP caused a slight inhi bition in the behavior in mice, and this dose of DZP has been shown in the previous paper Streptomyces spadicogriseus Komatsu, which produces ATM, and they examined the biological properties of ATM (19, 20) . According to their reports, ATM has strong toxicity, the acute toxicity being 1.6 to 1.8 mg/kg when intravenously administered to mice. However, in our experiments, the toxicity appeared very slowly in a couple of days. ATM produced no detectable effects on the behaviors in mice at least within several hours after the i.p. administration at the dose of 0.5 mg/kg. In our previous paper (14) , ATM was shown to almost completely reverse the antinociception induced by 1 ,ug/ mouse of i.c. CCK8 in mice at an i.p. dose of 0.5 mg/kg.
The present results showed that 0.5 mg/kg of ATM substantially abolished the effects of 1 ug/mouse of i.c. CCK8 on the 2-DG uptake in brain neurons. However, the dose of ATM produced, by itself, no appreciable effects on the 2-DG uptake in the brain as compared with that of the control mouse. These results seem to show that 0.5 mg/kg of ATM has the selective action of inhibiting the CCK re sponse in the central nervous system.
Although the data were omitted here, quite similar results on 2-DG uptake in brain sec tions other than that shown in this paper were obtained with regard to the inhibition of CCK8-induced increase in 2-DG uptake by DZP and ATM.
The present results indicate that DZP and ATM have fundamentally a similar property in antagonizing the central effects of CCK to stimulate 2-DG uptake in brain neurons, and the antagonism seems to take place at the brain neurons and not at the peripheral sites. Inasmuch as ATM produced no detectable effects on behaviors of mice at the dose of 0.5 mg/kg and has been shown to produce no significant effects on CCK-induced con traction in the gallbladder (21), but inhibited CCK action in the brain, it is likely that ATM may be a more selective central antagonist of CCK than DZP.
